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Abdomina l  aortic aneurysms are rare in chi ldren 
and are usually found in association with congenital  
cardiac or aortic malformations, connective tissue 
disorders, mycotic aneurysms, inf lammatory arterial 
disorders, or  trauma. Middle aortic syndrome repre- 
sents another are entity with many causes. Coarcta- 
tions o f  the abdominal  aorta with associated aneu- 
rysm format ion have been described in the pediatric 
populat ion,  suggesting that they may be variations in 
a spectrum o f  aortic disease. We report  a unique case 
o f  an abdominal  aortic aneurysm with mult iple vis- 
ceral artery stenoses presumed to be a variant o f  
midaort ic syndrome. To our knowledge thcre have 
been no case reports o f  this complex o f  vascular 
problems. 
CASE REPORT 
A 14-year-old girl who was a competitive swimmer 
presented with the symptoms of nausea, vomiting, and 
generalized abdominal and severe back pain, which led to 
the discovery of an elevated blood pressure of 170/120. 
She had fallen down a flight of steps 7 months previously 
with bruising injury to her back. The onset of bilateral back 
pain began 3 months later. She was seen in orthopedic 
consultation. Her spinal films were normal, and she was 
given naproxen for presumed musculoskeletal injury. De- 
spite this therapy the patient continued to have intermit- 
tent pain that acutely worsened the day before admission. 
She presented to her primary care physician, who noted the 
severc hypertension. Computed tomography of the abdo- 
men revealed an abdominal aortic aneurysm. She was trans- 
ferred to the pediatric intensive care unit for treatment. 
The patient was born prematurely at 36 weeks' gesta- 
tion and was delivered by cesarean section with no perina- 
tal complications. There was no history of umbilical artery 
catheterizations. The patient was a previously healthy ath- 
letic girl with a medical history of exercise-induced asthma 
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and a heart murmur diagnosed at the age of 9 years. She 
was noted to have left ventricular hypertrophy by echocar- 
diography, suggesting the possibility of an unrecognized 
longer term history of hypertension. She denied any leg 
pain or claudication. 
On physical examination body habitus was normal. 
Blood pressure was 194-205/122-130 equal in both arms, 
and temperature was 99.6 ° F, A soft systolic heart murmur 
was present with mild LLQ tenderness and no costoverte- 
bral angle tenderness. She had no carotid, abdominal, 
flank, or femoral bruits and 3+ brachial, radial, femoral, 
dorsalis pedis, and posterior tibial pulses bilaterally. Her 
joints were normal in mobility; her skin was not hyperelas- 
tic. She had several ecchymoses over her lower extremity 
and several cafe au lait spots over her body. 
The patient and family did not meet the phenotypic 
criteria for neurofibromatosis. None was Marfanoid in ap- 
pearance. The patient did not phenotypically appear to 
have Ehlers-Danlos syndrome (EDS), and later a connec- 
tive tissue biopsy excluded most forms of  EDS type 1V and 
EDS type VII. Anti-DNA antibodies, anticardiolipin anti- 
bodies, quantitative immunoglobulin, total hemolytic 
complement, thyroid function tests, and urine vanillylman- 
delic acid and metanephrines were all within normal imits. 
Total urine catecholamine was slightly elevated but was not 
diagnostic of pheochromocytoma. Antithyroid antibodies, 
antineutrophil cytoplasmic antibodies, antinuclear anti- 
body, antiextractable nuclear antibody, lupus erythemato- 
sus prep, and latex fixation were negative. RPR and lyme 
disease antibodies were nonreactive. On admission the 
patient had an elevated erythrocyte sedimentation rate, 71; 
white blood cell count, 16K; platelets, 415; and fibrino- 
gen, 653. Antistreptolysin a tibody was positive. 
Echocardiography revealed trace aortic regurgitation 
and mild left ventricular hypertrophy. No coronary artery 
aneurysms were seen. Magnetic resonance imaging analysis 
of the chest and abdomen revealed a juxtarenal focal area of 
aneurysmal dilatation of the abdominal aorta measuring 
2.6 cm by 2.5 cm with a length more than 3 cm. An 
aortogram demonstrated an anterior saccular aneurysm 
that arose from the aorta below the celiac axis near the 
superior mesenteric artery (Fig. 1, A); the origin of the 
superior mesenteric artery was stenotic (Fig. 1, B). The 
right renal artery arose from the aneurysm and was stenotic 
at its origin (Fig. 1, C). Two left renal arteries were identi- 
fied; the upper pole renal artery was occluded at its origin 
with reconstitution 2 cm distally, and the lower pole renal 
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Fig. 1. Preoperative angiogram. A, Anterior saccular aneurysm involving celiac axis, right 
renal artery stenoses, and left upper pole renal artery occlusion. B, Superior mesenteric artery 
stenosis. C, Right renal artery stenosis. 
artery, which arose below the aneurysm, was mildly ste- 
notic at its origin. Renal vein renins lateralized to the right. 
A captopril renal scan demonstrated absent perfusion to 
the upper pole of the left kidney; differential function of the 
left kidney was 34% and the right kidney was 65%. 
Before surgery the patient's blood pressure was con- 
trolled by nitroprusside and labetolol. Her preoperative 
course was notable for a rise in creatinine, proteinuria, nd 
prolonged bleeding time that was attributed to heavy non- 
steroidal antiinflammatory drug use. Her renal function 
improved, and ecchymoses resolved after the drug was 
discontinued. 
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At operation the aneurysm was densely fibrotic with a 
total size of 5 cm in contrast to the previously done mag- 
netic resonance imaging. It extended from and involved 
the celiac axis to just above the left lower pole renal artery 
for a length of 7 cm. The wall itself measured 2 cm 
anteriorly. The lower segment of the aneurysm appeared to 
be encircled anteriorly with a fibrotic band. Although the 
aneurysm appeared inflammatory, there was no free fluid, 
gross evidence of infection, or visceral adherence. The 
aorta above and below the aneurysm appeared entirely 
normal. The upper 40% of the left kidney was cyanotic and 
soft with no pulsatile flow in the left upper pole renal 
artery. The left lower pole renal artery had a strong pulse 
with no apparent stenosis or thrill. 
The supraceliac aorta and the lower aorta to its bifur- 
cation was exposed. The hepatic artery, superior mesen- 
teric artery, right renal artery, and both left upper and 
lower pole renal arteries were dissected free. A 16 mm 
Dacron tube was beveled proximally. All bypasses were 
with 6 mm expanded polytetrafluoroethylene. A astamosis 
of the limb (1) to the Dacron was performed in an end-to- 
side fashion. A Dacron end-to-side aortic anastomosis was 
performed above the aneurysm. Anastomosis of another 
limb (2) to limb (1) was performed end-to-side, creating a
Y limb. End-to-side anastamosis of limb (1) to the hepatic 
artery was performed followed by limb (2) anastomosis 
end-to-side to the right renal artery. Anastamosis of an- 
other Y limb from the Dacron tube end-to-side was then 
performed to the superior meseuteric artery end-to-side 
(3) and the left upper pole renal artery end-to-side (4). The 
left upper pole renal artery was divided distal to its occlu- 
sion before anastomosis was performed. Clot was gently 
extracted with marginal back bleeding. Anastamosis of the 
Dacron tube, made slightly redundant to allow for future 
growth of the patient, was performed to the aorta below 
the aneurysm, completing the bypass (Fig. 2). 
The proximal celiac axis, superior mesenteric artery, 
and left upper pole renal artery were doubly ligated at their 
origin from the aneurysm. The aorta proximal and distal to 
the aneurysm was then doubly ligated. Tissue of the aortic 
wall was obtained fro pathologic evaluation and culture. 
Pathologic findings were disappointing in offering no clear 
cause for the disease process. Histologic evaluation re-
vealed only fibrovascular tissue without intimal fibrosis or 
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inflammatory infiltrates. One culture of periaortic tissue 
was positive for Aspergillus. All other cultures were nega- 
tive. 
On postopcrative day 24 the patient had recurrence of 
hypertension, ausea, vomiting, and abdominal and back 
pain. A computed tomography scan of the abdomen re- 
vealed small-bowel obstruction and thrombus in the graft 
to the left upper pole kidney. The patient returned to the 
operating room, where numerous adhesions with an asso- 
ciated twist in the bowel were found. However, no evi- 
dence of intestinal ischemia was found. The adhesions were 
lysed and the bowel uncoiled. 
The superior portion of the left kidney was atrophic 
with surrounding adhesions and dense scar tissue. The 
decision was made to defer partial left nephrectomy. The 
patient did well after surgery and was discharged on 10 mg 
lisinopril daily and 0.1 mg clonidine patch weekly. A cap- 
topril renal scan 3 months after surgery did not visualize 
the left upper pole kidney with differential function of the 
fight kidney at 47% and the left at 23%. 
Ten months after surgery the patient was readmitted 
for rising creatinine. An aortogram revealed mild stenosis 
of the hepatic artery graft and occlusion of the left upper 
pole renal artery graft. The fight renal artery graft had a 
stenosis distal to the anastomosis with a 30 mm Hg gradi- 
ent and proximal thrombus. Urokinase thrombolysis and 
balloon dilation were successfully performed. Angioplasty 
of the hepatic artery was also successful. Renal function 
subsequently improved. 
Two years after surgery the patient has no symptoms 
and is doing well with normal creatinine and blood pres- 
sure of 140/80 controlled with minimum medication 
(Clonidine 0.5 mg daily and 0.1 mg daily). Clonidine has 
been used because of intolerance to calcium channel block- 
ers and contraindications to angiotensin converting en- 
zyme inhibitors, diuretics, and 13-blockers. The most re- 
cent renal scan demonstrated patency of the grafts, normal 
right kidney, and infarcted left upper pole kidney. The 
patient continues to swim competitively. 
D ISCUSSION 
Abdominal aortic aneurysms have been associ- 
ated with congenital connective tissue disease, my- 
cotic aneurysms, umbilical artery catheterization, 
trauma, inflammatory arterial disorders, and congen- 
ital aortic malformations. Rarely are solitary abdom- 
inal aneurysms found without other associated is- 
eases. 
Marfan's yndrome is an inherited connective tis- 
sue disorder with ocular, skeletal, and cardiovascular 
manifestations. Long and thin extremities and arach- 
nodactyly are the most prominent features. Patho- 
logic examination reveals cystic medial necrosis with 
associated irregular and disorganized elastic fibers. 1,2 
EDS is a rare disorder of  connective tissue manifested 
by fragility of skin and blood vessels, hyperelasticity 
of skin, hypermobility of joints, and subcutaneous 
nodules. 3,4 On histologic evaluation decreased and 
disorganized elastic fibers, mucinous deposits, and 
degeneration of the media are seen. 3
Although rare, most recently umbilical artery 
catheterization has been associated with mycotic an- 
eurysm formation; mechanism of formation is 
thought o be caused by trauma, infection, and injec- 
tion ofhypertonic saline solution, s'6 Trauma is a less 
common cause of aneurysm formation. In 1993 
Amin et al., 7 in addition to their own case report, 
collected only seven reports of blunt injury to the 
aorta since 1960. 
Kawasaki's disease has also been associated with 
abdominal aortic aneurysms. The clinical signs of  
Kawasaki's disease are almost always seen before a 
vessel abnormality and may include f~ver, conjuncti- 
vitis, desquamating rash, erythema nd fissuring of 
the lips, and edema of the hands and feet. 2 His- 
topathologic evaluation of these large vessel aneu- 
rysms reveals evidence of chronic inflammation and 
destruction of  elastic fibers. 
Aneurysm formation in association with thoracic 
coarctation has been well described. Of  the 1091 
patients Skandalakis et al. 8 reviewed, 106 had associ- 
ated aneurysm formation. The association of aneu- 
rysm with abdominal aortic coarctation is not well 
recognized. Pierce et al.9 found only three cases 
described in the literature. 
In our patient Marfan's syndrome, Ehler-Danlos 
syndrome, infection, umbilical artery catheterization, 
Kawasaki's disease, and aortic stenosis were not the 
cause of her aneurysm. Although history of trauma 
preceded the patient's ymptoms and discovery of  
her hypertension, the associated visceral artery steno- 
ses suggested the possibility of her vascular disease to 
be a variant of  midaortic syndrome. 
Middle aortic syndrome is defined by narrowing 
of the abdominal aorta commonly involving both 
visceral (22%) and renal (80%) arteries, l°'ll which 
usually becomes manifest in the first or second de- 
cade of life. These pediatric patients often have hy- 
pertension. However, patients may also have leg 
pain, claudication, fatigue, renal failure, or conges- 
tive heart failure. On pathologic evaluation it is char- 
acterized by marked intimal fibroplasia that en- 
croaches on the lumen. This fibroplastic response is 
most likely caused by hemodynamic factors. The 
media and evidence of inflammation are often ab- 
sent, II and the affected artery is generally hypoplas- 
tic. 
The cause of midaortic syndrome has been as- 
cribed to a congenital-developmental anomaly. Con- 
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genital failure of fusion of  the dorsal aorta with sub- 
sequent obliteration of  vessels leading to the 
development of multiple renal arteries has been sug- 
gested by Maycock) 2 Seventy percent of patients 
with midaortic syndrome have multiple renal arter- 
ies. 1° Midaortic syndrome has been reported associ- 
ated with neurofibromatosis, further supporting a 
congenital cause, Neurofibromatosis is a hereditary 
disease of neural crest origin in which hypertension 
has been described in 1% of patients. 13-a~ 
Midaortic syndrome is also thought o have ac- 
quired causes; patients with Takayasu's arteritis have 
been described with similar vascular lesions) 6,17 Un- 
like congenital anomalies the histologic examination 
of Takayasu' arteritis reveals perivascular and intra- 
vascular inflammation associated with neovascularity 
and fibrous reaction. 16 These patients may have mal- 
aise, fever, night sweats, anorexia, weight loss or 
dyspnea. Midaortic syndrome can also present as a 
"burned out" Takayasu's with initially elevated ESR 
that subsequently normalizes. Although stenosis and 
occlusion are the usual histopathoogic feature of  
Takayasu's arteritis, abdominal aortic aneurysms may 
also form. Kumar et al.18 evaluated 135 patients with 
Takayasu's arteritis and found 30 to have aneurysmal 
disease. Stenosis of  the abdominal aorta with aneu- 
rysm formation was seen in 23 patients. However, 
the aneurysm was not related to the stenosis in 22 of 
the 23 patients. Diagnosis of Takayasu's arteritis is 
usually made by magnetic resonance imaging. The 
patient usually has an elevated ESR and serum immu- 
noglobulin level. Our patient did not meet the diag- 
nostic criteria for Takayasu's disease. 
Historically, without surgical intervention the 
mean age of death for patients with midaortic syn- 
drome is 34 years) 9 However, most patients are 
refractory to medical therapy. Percutaneous translu- 
minal angioplasty has also had limited applicabili- 
ty 17,2°,2a because of the hypoplastic nature of the 
affected artery. 
The approach to surgical treatment must be indi- 
vidualized and depends on the presence of renal and 
visceral stenoses. Aortic coarctation can be bypassed 
with graft or repaired with patch aortoplasty. In this 
patient with abdominal aortic aneurysm, an aor- 
toaortic bypass o f  sufficient length to allow room for 
growth was chosen. 
Renal revascularization can be achieved with au- 
tologous arterial or venous grafts, prosthetic grafts, 
or reimplantation. 2~ Stanley et al)2 advocate the use 
of internal iliac artery for aortorenal bypass. In young 
patients prosthetic grafts may be technically limiting, 
and autologous saphenous vein grafts can lead to late 
aneurysmal changes. 22 Others have reported urabil- 
ity of  saphenous vein graft. 23'24 Berkowitz et al. 25 
describe a technique of  reinforcing vein grafts with 
external Dacron mesh. DeBakey et al.26 prefer pros- 
thetic grafts. Indications for visceral artery recon- 
struction are less well defined, because many patients 
do not have symptoms of bowel ischemia. In most 
instances revascularization is performed prophylacti- 
cally. 11 Surgical results have improved in recent 
years. 27,28 Overall, reconstruction for midaortic syn- 
drome has a 90% cured or improved rate of hyperten- 
sion) 6 In summary, although most physicians advo- 
cate surgical treatment, he conduit of  choice and the 
approaches to visceral reconstruction remain vari- 
able. 
CONCLUSION 
We report a novel case of abdominal aortic aneu- 
rysm and multiple visceral artery stenoses in a teen- 
age girl. Patients with aortic aneurysm an coarctation 
have been previously described; but these are reports 
of aortic coarctation associated with adjacent or un- 
related aneurysmal changes. We believe that this 
complex of vascular abnormalities i  a variant of mi- 
daortic syndrome, although the cause remains un- 
clear 
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